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(54) Fuel injectlor 

(57) A fuel injector connprising a nozzle body (10) 
defining a bore (11) within which an outer valve mennber 
(12) is siidable, the outer valve member (12) being 
engageable with a first seating (14) to control fuel injec- 
tion from a first outlet opening (18) provided in a nozzle 
body (10). The outer valve member (12) is provided with 
a through bore (1 9) within which an inner valve member 
(20) is siidable, the inner valve member (20) being 
engageable with a second seating (26) to control fuel 
injection through a second outlet opening (28) provided 
in the nozzle body (10). The fuel injector further com- 
prises first and second control chambers (56, 80) for 
fuel whereby, in use, movement of the inner and outer 
valve members (20, 12) away from their respective seat- 
tngs (26, 14) is controlled by controlling fuel pressure 
within the first and second control chambers (56, 80) so 
as to pemiitfuel delivery from a selected outlet opening. 
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Description 

[0001] This invention relates to a fuel injector for 
use in supplying fuel under pressure to a combustion 
space of an internal connbustion engine. In particular, 
the invention relates to a fuel injector in which a charac- 
teristic of the fuel injector can be altered, in use. 
[0002] In order to reduce the levels of noise and 
particulate emissions produced by an engine it is desir- 
able to provide an arrangement whereby the Injection 
characteristics of fuel delivered to the engine can be 
controlled. For example, it may be desireable to be able 
to adjust the spray pattern formed by the delivery of fuel 
by an injector or to adjust the rate of fuel injection. Euro- 
pean Patent Application EP 0 713 004 A describes a 
fuel injector of the type in which the fuel injection char- 
acteristic can be varied, in use, by selecting different 
sets of fuel injector outlet openings provided in the fuel 
injector nozzle body. By controlling angular motion of a 
sleeve member, housed within the nozzle body, aper- 
tures formed in the sleeve are caused to align with 
selected ones of the outlet openings. Subsequent 
inward, axial movement of a valve member within the 
bore of the nozzle body causes fuel to be ejected from 
the selected outlet openings. Fuel injectors of this type 
do, however, have performance limitations. 
[0003] Additionally, British Patent Application No. 
9905231 describes a fuel injector including a nozzle 
body defining a bore within which an outwardly opening, 
outer valve member is slideable. Movement of the outer 
valve member in an outward direction causes fuel to be 
ejected from an upper group of outlet openings provided 
in the outer valve member. The outer valve member 
defines a blind bore within which an inner valve needle 
is slidable. Inward movement of the inner valve needle 
causes fuel injection through a lower group of outlet 
openings provided in the outer valve member. The fuel 
injection rate is controlled by means of an actuator 
arrangement which controls the downward force applied 
to the inner valve member. A fuel Injector of this type 
does, however, suffer from the disadvantages of out- 
wardly opening fuel injectors. For example, a poor spray 
characteristic is obtained as the outlet openings 
become exposed and, in addition, fuel leakage can 
occur from the outlet openings during undesirable 
stages of the fuel injection cycle. 
[0004] It is an object of the present invention to pro- 
vide an alternative fuel injector which enables the fuel 
injection characteristics to be varied, in use. It is a fur- 
ther object of the invention to provide a fuel injector 
which alleviates at least some of the disadvantages of 
fuel injectors of the outwardly opening type. 
[0005] According to the present invention, there is 
provided a fuel injector comprising a nozzle body defin- 
ing a bore within which an outer valve member is slida- 
ble, the outer valve member being engageable with a 
first seating to control fuel injection from a first outlet 
opening provided in a nozzle body, the outer valve 


* membe'r being provided with a through bore within 
which an inner valve member is slidable, the inner valve 
member being engageable with a second seating to 
control fuel injection through a second outlet opening 

5 provided in the nozzle body, the fuel injector further 
comprising first and second control chambers for fuel, 
whereby, in use, movement of the inner and outer valve 
members away from their respective seatings is control- 
led by controlling fuel pressure within the first and sec- 

10 ond control chambers so as to pennit fuel delivery from 
a selected outlet opening. 

[0006] The second seating may be defined by, or 

associated with, the outer valve member. 

[0007] In a first fuel injecting position, the inner 

15 valve member only may be lifted away from the second 
seating and the outer valve member remains seated so 
that fuel injection occurs only through the second outlet 
opening. In a second fuel injecting position the outer 
valve member only may be lifted away from the first 

20 seating, a force due to movement of the outer valve 
member being transmitted to the inner valve member 
such that the Inner valve member remains seated. Pref- 
erably, in the second fuel injecting position, fuel delivery 
through the second outlet opening is prevented. By pro- 

25 viding first and second outlet openings of, for example, 
different size and shape, the fuel Injection characteris- 
tics can therefore be varied by ejecting fuel from a 
selected outlet opening. 

[0008] As inward movement of the outer valve 

30 member or the Inner valve member away from their 
respective seatings pennits fuel delivery through a 
selected outlet opening, the spray characteristic of fuel 
injected into the engine is improved. Furthermore, leak- 
age from the outlet openings during undesirable stages 

35 of the fuel injection cycle is substantially avoided. 

[0009] Conveniently, the outer valve member may 
include first and second valve parts, the first valve part 
being engageable with the first seating to control fuel 
flow through the first outlet opening and the second 

40 valve part being engageable with an additional seating. 
The first and second valve parts may together define a 
chamber for housing a sealing member and means may 
be provided for continuously biasing the sealing mem- 
ber against a sealing seating. The provision of the seal- 

45 ing member prevents any fuel leakage through the 
second outlet opening when the outer valve member is 
lifted away from the first seating and fuel delivery occurs 
through the first outlet opening. 

[0010] In addition, the provision of the sealing mem- 
50 ber serves to prevent any fuel leakage through the first 
outlet opening when the inner valve member is lifted 
away from its seating and fuel delivery occurs through 
the second outlet opening. 

[001 1 ] The first and second valve parts of the outer 
55 valve member may be integrally formed to form a uni- 
tary body or may be separate parts which are con- 
nected together. 

[0012] The first control chamber may be defined 
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within the bore in the nozzle body, fuel pressure within 
the first control chamber serving to bias the outer valve 
menr^ber against the first seating. The outer valve mem- 
ber may include one or more thrust surfaces such that, 
in use, fuel pressure acting on the or each outer valve 5 
member thrust surface serves to urge the outer valve 
member inwardly against the action of fuel pressure 
within the first control chamber 
[0013] Fuel pressure within the second control 
chamber may serve to bias the Inner valve member 10 
against the second seating. The inner valve member 
may include one or more thrust surfaces such that, in 
use, fuel pressure acting on the or each inner valve 
member thrust surface serves to urge the inner valve 
member inwardly against the action of fuel pressure is 
within the second control chamber. 
[0014] The fuel injector may include a piston mem- 
ber, a surface of which is exposed to fuel pressure 
within the second control chamber, in use. the piston 
member being arranged to transmit a force due to fuel 20 
pressure within the second control chamber to the inner 
valve member. Preferably, the effective diameter of the 
surface of the piston member exposed to fuel pressure 
within the second control chamber is greater than the 
diameter of the inner valve member. 25 
[0015] The fuel injector may further comprise a first 
control valve an^ngement for controlling fuel pressure 
within the first control chamber and a second control 
valve arrangement for controlling fuel pressure within 
the second control chamber. Alternatively, the fuel injec- 30 
tor may comprise a common control valve arrangement 
arranged to control fuel pressures within both the first 
and second control chamber. 

[001 6] The first and second outlet openings may be 
of different form to permit different fuel injection spray as 
characteristics from the first and second outlet open- 
ings. For example, the first and second outlet openings 
may have a different size or each may be shaped to 
eject fuel with a different fuel spray angle. 
[0017] The fuel Injector may include a single first 40 
outlet opening or a group of first outlet openings from 
which fuel is injected into the engine at the first fuel 
injecting position. The fuel injector may include a single 
second outlet opening or a group of second outlet open- 
ings from which fuel is injected into the engine at the 45 
second fuel injecting position. 

[0018] The invention will now be described, by way 
of example only, with reference to the following draw- 
ings, in which; 

50 

Figure 1 is an embodiment of a fuel Injector in 
accordance with the present invention; 

Figures 2 and 3 show enlarged views of a part of 
the fuel Injector shown in Figure 1 ; 55 

Figure 4 is an enlarged view of the fuel injector 
shown in Figures 1-3 in a fuel injecting position in 


4 

*which fuel injection occurs from a first set of outlet 
openings; and 

Rgures 5 and 6 are enlarged views of the fuel injec- 
tor shown in Figures 1-3 in a fuel injecting position 
in which fuel injection occurs from a second set of 
outlet openings. 

[0019] Referring to Figures 1, 2 and 3, the fuel 
injector includes a nozzle body 10 provided with a blind 
bore 1 1 within which an outer valve member, referred to 
generally as 12, is slidable. The outer valve member 12 
comprises an inner valve portion 1 2a and an outer valve 
portion 12b, the outer valve portion 12b and the inner 
valve portion 12a being connected such that they slide 
together within the bore 1 1 . The bore 1 1 has a region of 
reduced diameter 11a, having substantially the same 
diameter of the adjacent part of the outer valve portion 
12b, which serves to guide sliding movement of the 
outer valve member 12 within the bore 1 1 . The end of 
the outer valve portion 12b at the blind end of the bore 
11 is of substantially frusto-conical form and is engage- 
able with a first, frusto-conical seating 1 4 defined by the 
bore 11. The end of the inner valve portion 12a at the 
blind end of the bore 1 1 is also of frusto-conical form 
and defines, with the blind end of the bore 1 1 , a clear- 
ance 16, the inner valve portion 12a being engageable 
with a further seating 1 5 defined by the bore 1 1 . In use, 
inward movement of the outer valve member 12 moves 
the outer valve portion 12b away from the first seating 
14 to control fuel flow through a first set of outlet open- 
ings 1 8 provided in the nozzle body 1 0. 
[0020] The inner valve portion 12a of the outer 
valve member 12 is provided with a through bore 19 
within which an inner valve needle 20 is slidable. The 
inner valve needle 20 includes a tip portion 22 which 
extends through an open end of the through bore 19 
into a sac region 27 at the blind end of the bore 1 1 , the 
tip portion 22 being spaced from the main body of the 
inner valve needle 20 by an intermediate section 24 of 
frusto-conical form which engages a third seating 26 
defined by the through bore 1 9. At the end of the inner 
valve needle 20 remote from the tip portion 22 the inner 
valve needle 20 has a region 20a of enlarged diameter, 
having substantially the same diameter as the adjacent 
part of the bore 1 9, which serves to guide sliding move- 
ment of the inner valve needle 20 within the bore 19. 
The inner valve needle 20 also includes a thrust surface 
20c such that. In use, fuel pressure within the through 
bore 1 9 acts on the thrust surface to urge the inner valve 
needle 20 away from its seating 26. Movement of the 
Intermediate section 24 of the inner valve needle 20 
away from the seating 26 permits fuel flow through a 
second set of outlet openings 28 provided in the nozzle 
body 1 0. 

[0021 ] The inner valve portion 1 2a Is also shaped to 
define, with an Inner surface of the outer valve portion 
12b, a chamber 30 which houses, at the end of the 
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chamber 30 remote from the blind end of the bore 1 1 , a 
compression spring 32. The spring 32 serves to bias a 
sealing member 34, also housed within the chamber 30, 
against a sealing seating 36 defined by the bore 1 1 . 

[0022] At the end of the nozzle body 1 0 remote from 
the outlet openings 18, 28, the nozzle body 10 is pro- 
vided with an annular chamber 38 which communicates 
with a supply passage 40 for fuel, provided by a drilling 
formed in the nozzle body 10, the annular chamber 38 
also communicating with the bore 1 1 . The supply pas- 
sage 40 communicates with a source of fuel at high 
pressure (not shown), for example a common rail of a 
common rail fuel system, the common rail being 
arranged to be charged to a suitably high pressure by 
an appropriate high pressure fuel pump, such that high 
pressure fuel can be introduced into the annular cham- 
ber 38. 

[0023] The Inner and outer valve portions 12a, 12b 
are provided with openings 42, 44 respectively which 
communicate with a delivery chamber 46 for fuel 
defined by the bore 1 1 and the outer surface of the outer 
valve portion 12b. In addition, the inner valve portion 
12a is provided with a second opening 48 which com- 
municates with the part of the bore 1 1 communicating 
directly with the annular chamber 38. Thus, fuel sup- 
plied to the annular chamber 38 by means of supply 
passage 40 is able to flow through the second opening 
48 provided in the inner valve portion 12a into the 
through bore 19 and through the openings 42,44 into 
the delivery chamber 46. The inner valve portion 12b of 
the outer valve member 1 2 is provided with a thrust sur- 
face 12d, fuel pressure within the annular chamber 38 
acting on the thrust surface 12d to urge the inner valve 
portion 12a away from its seating 15. 
[0024] The end of the nozzle body 10 remote from 
the outlet openings 18,28 abuts a distance piece 50 pro- 
vided with a drilling defining a first flow passage 52 
which communicates with the supply passage 40. The 
distance piece 50 is also provided with a through bore 
54 which extends coaxialty with the through bore 19 
provided in the inner valve portion 12a, the enlarged 
region 20a of the inner valve needle 20 extending part 
of the way into the bore 54. The distance piece 50 
includes a projecting part 52a which extends into the 
bore 1 1 , the projecting part 52a defining, with an upper 
end face of the inner valve portion 12a, a first control 
chamber 56 for fuel. Fuel is able to flow into the control 
chamber 56 by leakage between the distance piece 50 
and the nozzle body 10. Alternatively, flats, slots or 
grooves (not shown) may be provided in the nozzle 
body or the inner valve portion 12a to permit fuel flow 
into the first control chamber 56. Fuel pressure within 
the control chamber 56 serves to bias the inner valve 
portion 12a in a downward direction, therefore serving 
to bias the outer valve portion 12b and the inner valve 
portion 12a against their respective seatings 14,15 
against the force applied to the thrust surface 20c and 
the thrust surface 12d. A second flow passage 58 is 
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* also provided In the distance piece 50, the second flow 
passage 58 communicating with a supply passage 60 
defined in an upper housing part 62 of the fuel injector. 
The supply passage 60 communicates with a low pres- 

5 sure fuel reservoir (not shown) by means of a control 
valve arrangement (not shown). Opening and closing 
the control valve arrangement therefore controls fuel 
pressure within the first control chamber 56. Addition- 
ally, the second flow passage 58 is provided with a flow 

70 restrictor 58a which serves to limit the rate of fuel flow to 
low pressure from the control chamber 56. 

[0025] The housing part 62 is also provided with a 
further drilling which defines a flow passage 66 for fuel, 
the flow passage 66 communicating with the passage 

15 52 in the distance piece 50, which in turn communicates 
with supply passage 40 in the nozzle body 1 0, to permit 
high pressure fuel to flow into the annular chamber 38 
and, thus, into the downstream parts of the fuel injector. 
The housing part 62 is also provided with a blind bore 

20 68 within which a piston member 70 is slidable. The pis- 
ton member includes a projection 70a of reduced diam- 
eter which defines, with the bore 68, a spring chamber 
72. The spring chamber 72 houses a compression 
spring 74 which abuts one surface of a T-shaped abut- 

25 ment member 76, the opposed surface of the abutment 
member 76 abutting the upper end face of the enlarged 
region 20a of the inner valve needle 20. Thus, move- 
ment of the piston member 70 in a downwards direction 
is transmitted, via the abutment member 76, to the inner 

30 valve needle 20. 

[0026] An upper end face 70b of the piston 70 and 
the blind end of the bore 68 together define a second 
control chamber 80 for fuel which communicates, via a 
restricted passage 82, with the supply passage 66 so 

35 that high pressure fuel is able to flow into the control 
chamber 80. Fuel pressure within the control chamber 
serves to bias the piston 70 in a downwards direction 
against the force applied to the thrust surfaces 20c, 1 2d 
due to fuel pressure within the through bore 1 9 and the 

40 annular chamber 38 respectively. Fuel pressure within 
the second control chamber 80 is controlled by means 
of a second control valve arrangement, referred to gen- 
erally as 85, provided in a second housing part 84 which 
abuts the housing part 62. The control valve arrange- 

45 ment includes a control valve member 86 which is slida- 
ble within a bore 88 defined in the housing part 84 under 
the control of an actuator arrangement which includes 
an armature plate 90 (as shown in Figure 1). Alterna- 
tively, the actuator arrangement may be, for example, a 

50 piezoelectric actuator arrangement. 

[0027] The control valve member 86 is engageable 
with a seating defined by the bore 88 to control fuel flow 
to a low pressure fuel reservoir (not shown). Fuel is able 
to flow from the control chamber 80 past the seating of 

55 the control member 86 via drillings 87 formed in the 
housing part 84. 

[0028] When the control valve member 86 is seated 
against the seating, high pressure fuel within the control 
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chamber 80 is unable to flow to the low pressure fuel 
reservoir. When the control valve nnember 86 is moved 
away from its seating the control valve an^ngement is 
open to penult high pressure fuel within the second con- 
trol chamber 80 to flow to the low pressure fuel reser- 
voir, thereby reducing fuel pressure within the control 
chamber 80. 

[0029] The relative surface areas of the end face 
70b of the piston 70 and the thrust surface 20c of the 
inner valve needle 20 are arranged such that, when the 
control valve arrangement 85 is closed, high pressure 
fuel within the second control chamber 80 serves to bias 
the piston member 70, the abutment member 76 and 
the inner valve needle 20 in a downwards direction 
against the force applied to the thrust surface 20c by 
fuel pressure within the bore 19. When the control valve 
arrangement 86 is opened, the force applied to the 
thrust surfaces 20c of the inner valve needle 20 due to 
fuel pressure within the bore 1 9 is sufficient to over- 
come the force applied to the end face 70b of the piston 
and the inner valve needle 20 is lifted away from its 
seating 26, as will be described in further detail herein- 
after. 

[0030] It will be appreciated that the control valve 
arrangement for controlling fuel pressure within the first 
control chamber 56 may, but need not, be of a similar 
type to the control valve arrangement 85 for controlling 
fuel pressure within the second control chamber 80. 
Alternatively, fuel pressure within the first and second 
control chambers may be controlled by means of a com- 
mon control valve arrangement. 

[0031] The operation of the fuel injector, during var- 
ious stages of the fuel injection cycle, will now be 
described. In use, with high pressure fuel supplied to 
supply passages 66,40 such that fuel flows into the 
annular chamber 38, the bore 19 and the delivery cham- 
ber 46, with the control valve arrangement associated 
with the first control chamber 56 closed and with the 
control valve arrangement 85 closed, high pressure fuel 
within the second control chamber 80 serves to bias the 
piston member 70, the abutment member 76 and the 
inner valve needle 20 in a downwards direction against 
the force applied to the thrust surface 20c by fuel in the 
bore 1 9. Thus, the frusto conical section 24 of the inner 
valve needle 20 remains seated against the seating 26. 
During this stage of operation, fuel flowing into the 
annular chamber 38 and into the through bore 19 
through the opening 48 is unable to flow past the seat- 
ing 26 into the sac region 27 and fuel injection through 
the second set of outlet openings 28 does not take 
place. I n addition, the surface area of the end face of the 
inner valve needle 20 exposed to fuel pressure within 
the control chamber 56 is greater than the effective sur- 
face area of the thrust surface 12d such that fuel pres- 
sure within the control chamber 56 biases the outer 
valve portion 12b in a downwards direction against its 
seating 14. Fuel within the bore 19 flowing through the 
openings 42,44 into the delivery chamber 46 is unable 
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to flow past the seating 1 4 and fuel injection through the 
first set of outlet openings 18 does not therefore take 
place. Figures 1 to 3 show the fuel injector during this 
stage of operation. 

5 [0032] Referring to Figure 4, when fuel injection is 
to be commenced through the second set of outlet 
openings 28, the control valve arrangement controlling 
fuel pressure within the first control chamber 56 is main- 
tained in Its closed position to maintain a high fuel pres- 

10 sure within the first control chamber 56. High fuel 
pressure within the control chamber 66 serves to main- 
tain the outer valve portion 1 2b against its seating 1 4 
against the action of the force applied to the thrust sur- 
faces 12d due to fuel pressure within the annular cham- 

75 ber 38. In addition, the control valve member 86 of the 
control valve arrangement 85 is opened so that fuel 
within the second control chamber 80 is able to flow, via 
the drillings 87, past the seating of the control valve 
member 86 to the low pressure reservoir. As fuel is able 

20 to escape from the second control chamber 80, and the 
rate at which fuel is able to flow to the second control 
chamber is limited by the passage 82, fuel pressure 
within the second control chamber 80 is reduced and a 
point will be reached beyond which the abutment mem- 

25 ber 76 and the inner valve needle 20 move in an 
upwards direction. Thus, as shown in Figure 4, the inner 
valve needle 20 is lifted away from the seating 26 and 
fuel within the through bore 19 is able to flow past the 
seating 26 Into the sac region 27 and out through the 

30 second set of outlet openings 28. 

[0033] During this stage of operation, fuel is unable 
to flow from the delivery chamber 46 through the first set 
of outlet openings 18 as the outer valve portion 12b of 
the outer valve member 12 remains seated against the 

35 seating 1 4 and the sealing member 34, which is seated 
against the sealing seating 36, prevents any fuel in the 
sac region 27 leaking through the clearance 1 6, past the 
sealing seating 36 and flowing through the first set of 
outlet openings 18. In these circumstances, it will there- 

40 fore be appreciated that fuel injection only takes place 
through the second set of outlet openings. 
[0034] From the position shown in Figure 4, if it is 
desired to cease fuel injection, the control valve 
arrangement 85 is closed. Thus, high pressure fuel 

45 flowing Into the second control chamber 80 is unable to 
flow past the seating of the control valve member 86 to 
the low pressure fuel reservoir. The fuel pressure within 
the second control chamber 80 increases and over- 
comes the force applied to the thrust surface 20c due to 

50 fuel pressure within the bore 19. Thus, the inner valve 
needle 20 is returned against its seating 26. Fuel within 
the bore 19 is no longer able to flow past the seating 26 
into the sac region 27 and out through the second set of 
outlet openings 28 and fuel Injection ceases. 

55 [0035] Alternatively, from the position shown in Rg- 
ure 3, in order to inject fuel from the first set of outlet 
openings 18, the control valve arrangement for the first 
control chamber 56 and the control valve arrangement 
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85 are opened. Fuel is therefore able to flow from the 
first control chamber 56 to low pressure, thereby reduc- 
ing fuel pressure within the control chamber 56. As the 
control valve arrangement 85 is also open at this time 
fuel within the second control chamber 80 is also able to 5 
flow to low pressure and fuel pressure within the second 
control chamber 80 is also relatively low. 
[0036] As the fuel pressure within the first control 
chamber 56 is reduced, the force applied to the thrust 
surface 1 2d by fuel pressure within the annular chamber 10 
38 is sufficient to overcome fuel pressure within the first 
control chamber 66 and the outer valve member 12 
moves in an upwards direction, moving the outer valve 
portion 12b and the inner valve portion 12a away from 
the seating 1 4. Movement of the outer valve member 12 is 
in an upwards direction is transmitted to the inner valve 
needle 20 due to the engagement between the seating 
26 and the intermediate section 24 of the inner valve 
needle and due to upward movement of the inner valve 
needle 20 due to the force applied to the thrust surface 20 
20c against the action of the reduced fuel pressure 
within the control chamber 80. 

[0037] Tlius, as shown in Figures 5 and 6, during 
this stage of operation fuel within the bore 19 is unable 
to flow past the seating 26 into the sac region 27 and out 25 
through the second set of outlet openings 28 but fuel 
within the delivery chamber 46 is able to flow past the 
seating 14 and out through the first set of outlet open- 
ings 18. Fuel injection therefore only takes place 
through the first set of outlet openings 18. As the com- 30 
pression spring 32 maintains the sealing member 34 
against the sealing seating 36, fuel within the delivery 
chamber 46 flowing past the seating 1 4 is unable to flow 
into the sac region 27 and out through the second set of 
outlet openings 28. In addition, leakage of fuel from the 3S 
spring chamber 34 through the narrow clearance 
defined between the sealing member 34 and the inner 
vatve portion 12a is restricted due to fuel pressure 
within the delivery chamber 46 and between the sealing 
member 34 and the outer valve portion 12b. Fuel leak- 40 
age from the second set of outlet openings 28 is there- 
fore substantially avoided. 

[0038] During this stage of operation, by only open- 
ing the control valve arrangement associated with the 
first control chamber 56, with the control valve arrange- 4S 
ment 86 remaining closed, the force applied to the 
thrust surface 12d by fuel pressure within the annular 
chamber 38 is not sufficient to lift the inner valve portion 
12a and the outer valve portion 12b in an upwards 
direction away from their respective seatings. Only so 
when the control valve arrangement 85 is opened and 
fuel pressure within the second control chamber 80 is 
reduced will the inner valve portion 12a and the outer 
valve portion 12b both lift away from their respective 
seatings, aided by the upwards force applied to the ss 
thrust surface 20c of the valve needle 20 by fuel pres- 
sure within the bore 1 9. 

[0039] From the position shown in Figures 5 and 6, 


in order to cease fuel injection the control valve arrange- 
ment 85 associated with the second control chamber 80 
and the control valve arrangement associated with the 
first control chamber 56 are both closed to re-establish 
high fuel pressure within both the second and first con- 
trol chambers 80,56 respectively. Thus, the inner valve 
needle 20 and the outer valve portion 12b of the outer 
valve member 12 are biased in a downwards direction 
against their respective seatings 26 and 14. Fuel in the 
delivery chamber 46 is therefore unable to flow past the 
seating 1 4 out through the first set of outlet openings 1 8 
and fuel in the bore 1 9 is unable to flow past the seating 
26 into the sac region 27 and out through the second 
group of outlet openings 28. Fuel injection therefore 
ceases. 

[0040] In an alternative embodiment of the inven- 
tion, instead of the openings 42,44 and 48 provided in 
the inner and outer valve portions 12a, 12b, slots, flats, 
grooves or flutes may be provided to permit fuel flow 
between the bore 19 and the delivery chamber 46 and 
between the bore 19 and the bore 1 1 . In addition, rather 
than supplying fuel under pressure to the first control 
chamber 56 from the common rail system supplying the 
fuel under pressure to the annular chamber 38 in the 
nozzle body 1 0, an additional rail system may be pro- 
vided. In a further alternative embodiment, sliding 
movement of the inner valve needle 20 may be guided 
by the bore 54 in the distance piece 50 in addition to, or 
in place of, the bore 19 adjacent the enlarged end 
region 20a of the Inner valve needle 20. 
[0041] The number of outlet openings in the first set 
18 may be different from the number of outlet openings 
in the second set 28. In addition, it will be appreciated 
that fewer or more outlet openings than those illustrated 
may be provided. The outlet openings may be of differ- 
ent form in each of the two sets to permit the spray pat- 
tern of fuel injected into the engine to be varied, in use, 
by selecting different ones of the first and second outlet 
openings 1 8,28. 

Claims 

1. A fuel injector comprising a nozzle body (10) defin- 
ing a bore (11) within which an outer valve member 
(12) is slidable, the outer valve member (12) being 
engageable with a first seating (14) to control fuel 
injection from a first outlet opening (18) provided In 
a nozzle body (10), the outer valve member (12) 
being provided with a through bore (19) within 
which an inner valve member (20) is slidable, the 
inner valve member (20) being engageable with a 
second seating (26) to control fuel injection through 
a second outlet opening (28) provided in the nozzle 
body (10), the fuel injector further comprising first 
and second control chambers (56, 80) for fuel, 
whereby, in use, movement of the inner and outer 
valve members (20, 12) away from their respective 
seatings (26, 14) is controlled by controlling fuel 


6 


11 

pressure within the first and second control cham- 
bers (56, 80) so as to permit fuel delivery from a 
selected outlet opening. 

2. The fuel Injector as claimed in Claim 1 , wherein the 5 
second seating (26) Is defined by the outer valve 
member (12). 

3. The fuel injector as claimed In Claim 1 or Claim 2, 

the inner valve member (20) and the outer valve io 
member (12) being arranged to have a first fuel 
injecting position in which the inner valve member 
(20) is lifted away from the second seating (26) 
whilst the outer valve member (12) remains seated 
so that fuel injection occurs only through the sec- is 
ond outlet opening (2d). 

4. The fuel Injector as claimed in Claim 3, the outer 
valve member (12) and the inner valve needle (20) 
being arranged to have a second fuel injecting posi- 20 
tion in which the outer valve member (12) is lifted 
away from the first seating (14) to permit fuel injec- 
tion through the first outlet opening (1 8), a force due 

to movement of the outer valve member (12) being 
transmitted to the inner valve member (20) to move 2S 
the inner valve member (20) with the outer valve 
member (12) such that the inner valve member (20) 
remains seated against the second seating (26). 

5. The fuel injector as claimed in Claim 4, comprising 30 
a sac region (27) into which fuel flows, in use, when 

the inner and outer valve members (12, 20) adopt 
their second fuel injecting position. 

6. The fuel injector as claimed in any of Claims 1 to 5, 3s 
wherein the outer valve member (12) is provided 
with an opening (42, 44) to permit fuel to flow into 

the through bore (1 9), in use. 

7. The fuel injector as claimed in any of Claims 1 to 6, 40 
wherein the outer valve member (12) includes first 
and second valve parts (12b, 12a), the first valve 
part (12b) being engageable with the first seating 
(14) to control fuel flow through the first outlet open- 
ing (18). 45 

8. The fuel injector as claimed in Claim 7, wherein the 
first and second valve parts (12b, 12a) of the outer 
valve member (12) are integrally formed. 

so 

9. The fuel injector as claimed in Claim 7 or Claim 8, 
wherein the first and second valve parts (12a, 12b) 
together define a chamber (30) for housing a seal- 
ing member (34). 

55 

10. The fuel injector as claimed in Claim 9, further com- 
prising means (32) for biasing the sealing member 
(34) against a sealing seating (36). 
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11/The fuel injector as claimed In any of Claims 1 to 

10, wherein the first control chamber (56) is defined 
within the bore (11) provided in the nozzle body 
(10), fuel pressure within the first control chamber 
(56) serving to urge the outer valve member (12) 
against the first seating (1 4). 

12. The fuel injector as claimed in any of Claims 1 to 

11, the second control chamber (80) being 
arranged such that fuel pressure therein serves to 
urge the inner valve member (20) against the sec- 
ond seating (28). 

13. The fuel injector as claimed in Claim 12, comprising 
a piston member (70). a surface of which is 
exposed to fuel pressure within the second control 
chamber (80), the piston member (70) being 
arranged to transmit a force due to fuel pressure 
within the second control chamber (80) to the inner 
valve member (20). 

14. The fuel injector as claimed in any of Claims 1 to 

13, comprising a first control valve arrangement for 
controlling fuel pressure within the first control 
chamber (56) and a second control valve arrange- 
ment for controlling fuel pressure within the second 
control chamber (80). 

15. The fuel injector as claimed in any of Claims 1 to 

14, comprising a common control valve arrange- 
ment arranged to control fuel pressure within both 
the first and second control chambers (56, 80). 
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